A series of chemiluminescence (CL) investigations of rare earth ions in redox reactions has been initiated. The study of oxidation reactions of Eu 2+ -uncomplexed and complexed by ethylenediaminetetraacetic acid (EDTA) -with H 2 0 2 has revealed a distinct CL of Eu 3+ with two-phasic kinetics, controlled by pH and the concentration of H 2 0 2 .
Introduction
Lanthanide ions, mainly europium and terbium ions, are used as luminescent probes in structural investigations of biological systems [1] [2] [3] [4] . Less numerous, however, are studies concerning chemiluminescence (CL) involving lanthanide ions [5 -8] and connected with biological molecules [9, 10] . In this paper investigations on a chemiluminescent system containing Eu :+ ions and H2O2 are presented.
Experimental
The experiments were carried out with systems solution is put into a cell containing H2O2 and the phosphate buffer solution. The temperature was 295 K and inert gas passed the cell to provide anaerobic conditions during the whole reaction time.
The spectral distribution of the CL was measured combining the single-photon counting and the cutoff filter method [12] . An EMI 9558QB photomultiplier, sensitive in the range 180-800 nm, was used. Details of the method are given elsewhere [13] .
Results and Discussion
In the systems with uncomplexed Eu The integral intensities and decay times of this short lived CL of uncomplexed solutions with different EU 2+ and H 2 0 2 concentrations are shown in Table 1 . The CL intensity increases with growing EU 2+ concentration whereas the decay time decreases with growing H 2 0 2 concentration. 3 ), pH = 7.5.
In solutions of pH 5 and at an excess of H 2 0 2 , 1 min after the start of the reaction also a weak long lived emission appears, which decays during about 10 min (Figure 1 a) .
In solutions of Eu 2+ complexed with EDTA, at pH = 3 the short lived CL appears immediately after the mixing with H 2 0 2 , just as before. At higher pH values (5-8.5) also a long lived component occurs, analogous to the uncomplexed solutions, but with much higher intensity and much longer decay time (Figure 1 b) .
The spectral distribution of the CL of the complexed system is shown in Figure 2 . The strong maximum at about 610 nm indicates that the observed CL is emitted by the Eu 3+ ions.
The short lived CL observed in the case of uncomplexed and complexed Eu 2+ systems evidently originates from the two following reactions giving excited Eu 3+ ions:
OH' + EU 2+ -* EU 3+ + OH" .
Reaction (1) is analogous to the Fenton reaction [14] as a source of OH' radicals. Reaction (1) has 1.6 eV of free enthalpy (AG°). The AG° value of reaction (2) [17] .
The long lived CL is a result of consecutive reactions initiated by the OH' free radicals. This ascertainment is justified by the observed dependence of the intensity and the decay time of the CL on the added n-butanol as a scavenger of OH' radicals (Figure 1 c) . When the complexed system was not deaerated, the intensity and the decay time of the CL were markedly decreased. This may be connected with the direct oxidation of Eu 2+ ions by atmospheric oxygen and by oxygen from the decomposition of H 2 0 2 (Figure 1 d) . The mechanism of the long lived CL, including also the role of OH' radicals, is at present under study.
The strong dependence of the CL intensity on the experimental conditions observed in this work indicates the applicability of lanthanides in biological investigations. In the studies which have been carried out till now. Eu <+ ions have served as The results of this work show that the europium acceptors of electronic excitation energy generated ions may be excited in the oxidation reaction with chemically and/or biochemically [9. 10] .
the participation of free radicals.
